Optimization of the growth condition for maximum growth rate and protease production was carried out using Bacillus subtilis. The optimization of protease production using agro-industrial waste product such as cassava waste as substrate was performed with statistical methodology based on experimental designs. The screening of twelve nutrients for their influence on protease production was achieved using a Plackett-Burman design. MgSO 4 ·7H 2 O, casein and glucose were selected based on their positive influence on protease production. The selected components were optimized using response surface methodology (RSM). The optimum conditions are (% w/w): MgsO 4 ·7H 2 O -0.14, casein -1.4 and glucose -2.64. These conditions were validated experimentally which revealed an enhanced protease yield of 202.048 U/gds.
ciens, Bacillus proteolyticus, Bacillus subtilis and Bacillus thuringiensis) [6] are reported to produce proteases. Among these, Bacillus genus has gained importance at industrial scale. Despite this, only a few studies have been done on proteolytic enzymes from Bacillus sp. Furthermore studies have showed that nutritional factors including sources of carbon and nitrogen can influence protease production [7] .
Proteases are generally produced using submerged fermentation due to its apparent advantages in consistent enzyme production characteristics with defined medium and process conditions and advantages in downstream in spite of the cost-intensiveness for medium components [8] .
In this context, solid substrate fermentation (SSF) was chosen for the present research because it has been previously reported that as much greater productivity than does submerged fermentation [9, 10] . Economically, SSF offers many advantages, including superior volumetric productivity, use of simpler machinery, use of inexpensive substrates, simpler downstream processing and lower energy requirements [11, 12] compared with submerged fermentation [13] .
Production of these biocatalysts using agro-biotech substrates under solid-state fermentation conditions provide several advantages in productivity, cost--effectiveness in labour, time and medium components in addition to environmental advantages like less effluent production, waste minimization, etc. [14] .
The present study was undertaken to produce the proteases under solid-state fermentation of B. subtilis using cassava waste as a substrate, and to determine the selection of medium components for the optimal production of protease.
MATERIALS AND METHODS

Bacterial strain
The bacterial strain used in this work is well preserved in the laboratory. Bacterial strain Bacillus subtilis was a stock of the Microbial Type Culture Collection Centre (MTCC), Chandigarh, India. The strain was maintained on nutrient agar medium at 4 °C. The medium composition (g/L) was compressed off the following: beef extract -1.0; yeast extract -2.0; peptone -5.0; NaCl -5.0 and agar -2. Cells were subcultures at monthly intervals.
Solid-state fermentation
Cassava waste was procured from the Balamurugan chaggo factory -Vada Chennimalai, Kallakuruchi -Tamil Nadu, India and used as substrate for protease production. The composition of the cassava waste is given in Table 1 . Fermentation was carried out in 250 ml Erlenmeyer flasks with 10 g of cassava waste, supplemented with nutrients concentrations defined by the experimental design. It was sterilized at 121 °C for 15 min. After cooling the flasks to room temperature, the flasks were inoculated with 2 ml 24-h grown culture broth under sterile conditions. The contents of the flasks were agitated at 200 rpm and incubated at 33±1 °C for 120 h. During the preliminary screening process, the experiments are carried out for 5 days and it was found that at the 28 h, the maximum production occurs. Hence experiments are carried out for 28 h.
Extraction of protease
The enzyme was extracted according to the method described by Nagamine et al. (2003) [15] . Fermented medium was mixed thoroughly with 50 mM glycine -NaOH buffer, pH 11 for 30 min and the extract was separated by squeezing through a cloth. This process was repeated three times and extracts were pooled together and then centrifuged at 200 rpm. The supernatant was used as enzyme source for protease assay.
Optimization of protease production RSM consist of a group of empirical techniques used for evaluation of relationship between cluster of controlled experimental factors and measured response. A prior knowledge with understanding of the related bioprocesses is necessary for a realistic modeling approach. To determine which variables significantly affect protease production by Bacillus subtilis, Plackett-Burman design was used. Twelve variables ( Table 2) were screened in 20 experimental runs (Table 3 ) and insignificant ones were eliminated in order to obtain a smaller, manageable set of factors. The low level (-1) and high level (+1) of each factor are listed in (Table 3 ). The statistical software package Minitab 15, was used for analyzing the experimental data. Once the critical factors were identified through the screening, the central composite design (CCD) was used to obtain a quadratic model, consisting of factorial trials and star points to estimate quadratic effects and central points to estimate the pure process variability with protease production as response. Response surface methodology (RSM) was employed to optimize the three significant factors, viz., MgSO 4 ·7H 2 O, casein and glucose which enhances the protease production. The three independent variables were studied at three different levels (Table 4) and a set of 20 experiments were carried out ( Table  5 ). The statistical software package Design Expert 7.1.5 was used to analyze the experimental data. All variables were taken at a central coded value of zero. The minimum and maximum ranges of variables investigated are listed in Table 4 . Upon the completion of experiments, the average maximum proteases were taken as the response (Y). A multiple regression analysis of the data was carried out for obtaining an empirical model that relates the response measured to the independent variables. A second order polynomial equation is:
where Y is the measured response, β 0 is the intercept term, β i are linear coefficients, β ii are quadratic coefficient, β ij are interaction coefficient and Z i and Z j are coded independent variables. The optimal concentrations of the critical variables were obtained by analyzing contour plots. The statistical analysis of the model was represented in the form of analysis of variance (ANOVA).
Assay of enzyme activities
Protease activity was determined using modified Auson-Hagihara method [16] . In this, 1 ml of the enzyme solution was added to 1 ml casein solution (1%, w/v casein solution prepared in 50 mM glycine-NaOH buffer, pH 11) and incubated at 70 °C for 20 min. The reaction was terminated by adding 4 ml of 10% trichloroacetic acid and the contents were filtered through a Whatman No. 1 filter paper. The filtrate absorbance was read at 280 nm using UV-visible spectrophotometer and the protease activity was calculated using tyrosine standard curve. One unit of alkaline protease activity was defined as 1 μg/ml tyrosine liberated per min under the assay conditions.
Validation of the experimental model
The statistical model was validated with respect to protease production under the conditions predicted by the model in shake-flasks level. Samples were drawn at the desired intervals and protease activity was determined as described above.
RESULTS AND DISCUSSION
Plackett-Burman experiments (Table 3) showed a wide variation in protease activity. This variation Table 4 . The predicted and observed responses along with design matrix are presented in Table 5 and the results were analyzed by ANOVA. The secondorder regression equation provided the levels of protease activity as the function of MgSO 4 ⋅7H 2 O, casein and glucose, which can be presented in terms of 
where Y is the protease activity (U/gds), Z 1 and Z 3 were significant for protease production. The coefficient of determination (R 2 ) for protease activity was calculated as 0.9892, which is very close to 1 and can explain up to 98.92% variability of the response. The predicted R 2 value of 0.9167 was in reasonable agreement with the adjusted R 2 value of 0.9795. An adequate precision value greater than 4 is desirable. The adequate precision value of 22.506 indicates an adequate signal and suggests that the model can be used to navigate the design space.
The above model can be used to predict the protease production within the limits of the experimental factors. Figure 2 shows that the actual response values agree well with the predicted response values. The interaction effects of variables on protease production were studied by plotting 3D surface curves against any two independent variables, while keeping another variable at its central (0) level. The 3D curves of the calculated response (protease production) and contour plots from the interactions between the variables are shown in Figures 3-5 . Figure 3 shows the dependency of protease on MgSO 4 ⋅7H 2 O and casein. The protease activity increased with increase in MgSO 4 ⋅7H 2 O to about 1.4 mass% and thereafter protease activity decreased with further increase in MgSO 4 ⋅7H 2 O. The same trend was observed in Figures 4 and 5. Increase in casein resulted increase in protease activity up to 11.4 mass%. This is evident from Figures 3 and 4. Figures 4 and 5 show the dependency of protease activity on glucose. A similar type of trend was observed for heavy metal removal using Phanerochaete chrysosporium biosorbent [17] .
The optimal operation conditions of MgSO 4 ⋅7H 2 O, casein and glucose for maximum protease activity were determined by response surface analysis and also estimated by regression equation. The predicted results are shown in Table 5 
CONCLUSION
In this work, Plackett-Burman design was used to test the relative importance of medium components on protease production. Among the variables, MgSO 4 ⋅7H 2 O, Casein and glucose were found to be the most significant variables. From further optimization studies the optimized values of the variables for protease production were as follows (mass%: MgSO 4 ⋅7H 2 O -0.14, casin -1.4 and glucose -2.64. This study showed that the cassava waste constitutes a good starch source for the production of protease. Using the optimized conditions, the produced activity reaches 202.048 U/gds. The results show a close concordance between the expected and obtained activity level. Uslovi gajenja Bacillus subtilis na agroindustrijskim otpacima, kao što su otpaci manioke, kao supstrata, radi postizanja maksimalne brzine mikrobnog rasta i produkcije proteaza, optimizovani su primenom statističke metodologije zasnovane na eksperimentalnom planiranju. Uticaj 12 nutrijenata na produkciju proteaza je procenjen Plackett-Burman-ovim dizajnom. Na osnovu pozitivnog uticaja na produkciju proteaza izabrani su MgSO 4 ⋅7H 2 O, kazein i glukoza. Primenom metodologije površine odziva je izvršena optimizacija sastava hranljive podloge u odnosu na odabrane komponente, a optimalni uslovi su (u mas.%): MgsO 4 ⋅7H 2 O -0,14, kazein -1,4 i glukoza -2,64. Validacija ovih uslova je izvršena eksperimentalno, a postignut je maksimalni prinos proteaza od 202.048 U/g suvog supstrata.
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